1. The characteristics of absorption of individual amino acids from amino acid mixtures simulating casein and from enzymic hydrolysates of casein containing oligopeptides as well as free amino acids are known to be different. The differences, which are attributable to mucosal uptake of small peptides, involve more rapid absorption from the enzymic hydrolysates of certain amino acids which are relatively slowly absorbed from the amino acid mixtures. This could lead to more effective utilization of amino acids from the enzymic hydrolysates than from the amino acid mixtures.
1. The characteristics of absorption of individual amino acids from amino acid mixtures simulating casein and from enzymic hydrolysates of casein containing oligopeptides as well as free amino acids are known to be different. The differences, which are attributable to mucosal uptake of small peptides, involve more rapid absorption from the enzymic hydrolysates of certain amino acids which are relatively slowly absorbed from the amino acid mixtures. This could lead to more effective utilization of amino acids from the enzymic hydrolysates than from the amino acid mixtures.
2. To obtain further information bearing on this hypothesis, we have used a recently developed technique for portal cannulation in the guinea pig to make a preliminary investigation of amino acid concentrations in the portal venous plasma at intervals after the infusion into the duodenum of equivalent amounts of (a) an amino acid mixture simulating casein and (b) a partial enzymic (papain followed by kidney peptidases) hydrolysate of casein, the two preparations being infused in separate experiments.
Introduction
It is now accepted that the absorption of proteindigestion products involves mucosal uptake of small peptides followed by hydrolysis to amino acids within the absorptive cells (Matthews, 1975a, b; Adibi, 1976) . The percentage absorp-tion of individual amino acids from a mixture of free amino acids varies widely (Delhumeau, Pratt & Gitler, 1962; Adibi, Gray & Menden, 1967; Silk, Marrs, Addison, Burston, Clark & Matthews, 1973; Silk, Clark, Marrs, Addison, Burston, Matthews & Clegg, 1975) . Comparison of absorption from the intestinal lumen of amino acids from amino acid mixtures simulating casein and from partial enzymic hydrolysates of casein containing a proportion of oligopeptides in addition to free amino acids has shown that the characteristics of absorption of amino acids from the two preparations are different, the differences being attributable to mucosal uptake of peptides from the enzymic hydrolysates (Crampton, Gangolli, Simson & Matthews, 1971; Silk et al., 1973 Silk et al., , 1975 . Amino acids which are relatively poorly absorbed from the amino acid mixtures are better absorbed from the enzymic hydrolysates, so that the differences in percentage absorption of individual amino acids are minimized when the enzymic hydrolysates are absorbed. It has been suggested that this minimization of differences in percentage absorption, which probably also occurs during the absorption of protein meals (Matthews, 1975a, b) , might be of nutritional importance, leading to more simultaneous presentation of amino acids to the tissues and hence to more effective protein synthesis (Matthews & Payne, 1975) . To obtain further information bearing on this hypothesis, we have used a recently developed technique for portal cannulation in a small laboratory animal, the guinea pig, to make a preliminary investigation of the concentrations of amino acids in portal plasma during the absorption from the small intestine of equivalent solutions of an amino acid mixture simulating casein and a partial enzymic hydrolysate of casein. Previous investigations of the absorption of such preparations have been confined to measurements of disappearance from the lumen of the small intestine in the rat and in man (Crampton et al., 1971; Silk et al., 1973 Silk et al., , 1975 , and to measurements of amino acid concentrations in human peripheral plasma (Marrs, Addison, Burston & Matthews, 1975) .
Methods

Materials
The preparations whose absorption was The trachea and right external jugular vein were cannulated and the abdomen was opened by midline incision. A linen-thread (BPC I) snare was placed loosely around the portal vein proximal to the last mesenteric tributary (Fig. 1) . The appendiceal branch was cleared by stripping off the peritoneum, and loops of ligature silk (510 gauge) were placed as follows: one close to the junction with the portal vein and two 1.5 cm distally. The sampling cannula consisted of 3.3 cm of polyethylene tubing (0.86 mm i.d., 1.27 mm 0.d.) drawn, after melting, on a syringe needle (21G, 40 mm) to reduce the wall thickness at its tip. The syringe needle was retained in the cannula, with its bevel just protruding from the cannula tip. The needle was blocked at its hub. The distally placed ligature was tightened and the needle and cannula were inserted close to it. The cannula was secured in place by the remaining two ligatures, with its tip at the junction of the appendiceal and the first mesenteric tributary. After withdrawal of the needle, the cannula was flushed with NaCl solution (150 mmol/l) and sealed with a 19G steel plug. Immediately, 500 units of heparin/kg were given intravenously.
The intestinal infusion catheter (polyethylene tubing: 0.58 mm i.d., 0.96 mm 0.d.) was pushed 1-2 cm through the duodenal wall close to the pylorus. The abdominal wall was closed around the cannula with Michel clips. Throughout the operation the intestine remained within the abdominal cavity and handling was kept to a minimum.
Throughout the procedure the animals were warmed on a thermostatically controlled table and intra-abdominal temperature maintained within the range 355-37.5"C.
Infusion of either the amino acid mixture or the enzymic hydrolysate into the duodenal lumen begana few minutes after taking an initial blood sample, and was carried out for 20 min at 0.44 ml/min with a syringe pump (C. F. Palmer, High Wycombe, Bucks., U.K.). Samples of portal blood were taken at 5, 10, 15, 20, 30,40, 50 and 60 min after starting the infusion.
To sample portal blood, retrograde portal flow was induced by opening the sampling cannula and simultaneously engaging the snare. After collecting 1 ml of blood in a heparinized tube, the snare was released and the cannula flushed and resealed. Sample delivery time was approximately 10 s. In some experiments, appreciably slower flow rates were found. These were attributed to poor mesenteric circulation and such experiments were abandoned. The blood samples were chilled in an ice bath immediately after collection and replaced with an equal volume of donor blood, warmed and infused into the jugular cannula. The donor blood was obtained from starved guinea pigs bled by cardiac puncture under ether anaesthesia. It was heparinized and stored in an ice bath until required. At the end of the experiment, the animal was killed by an overdose of anaesthetic. Six experiments were carried out with the amino acid mixture, and six with the enzymic hydrolysate.
Within 30 min of collection, the blood samples were centrifuged, the plasma was removed and plasma protein precipitated with an equal volume of aqueous 6% (w/v) sulphosalicylic acid. Plasma amino acids were determined by ion-exchange chromatography with a Locarte automatic-loading amino acid analyser (mark 4 floor model; The Locarte Co., London, W.14). 
Statistical methods
The significance of differences between mean values was assessed by the unpaired ttest. Tables and Figures. Standard three-letter abbreviations are used
Abbreviations for amino acids in the
Results
With most amino acids there was a rise in plasma concentrations after both the amino acid mixture and the enzymic hydrolysate, beginning 5 or 10 min after the start of the infusion (Table 2 and Fig. 2 ). Concentrations rose to a peak, in most cases at 30 min after both preparations, and subsequently declined. For leucine, isoleucine, valine, phenylalanine and lysine, the curves after the two preparations were similar. Those following the enzymic hydrolysate were at most points slightly lower than the corresponding curves after the amino acid mixture, though there were no significant differences between corresponding curves at any point, nor were the areas under corresponding curves significantly different. The curve for methionine, after the enzymic hydrolysate, was lower at all points than that after the amino acid mixture, and the difference at 10 min was significant (P< 0.01). The curve for threonine, after the enzymic hydrolysate, was also lower at all points than that after the amino acid mixture, though in this case none of the differences were statistically significant.
In the case of histidine, the curve following the enzymic hydrolysate was much flatter than that following the amino acid mixture, and was significantly lower at 40 rnin (P<O.O5). The curves for tyrosine were unusual in that at all points, except those at 40 min, the curve following the enzymic hydrolysate was higher than that following the amino acid mixture, but here again there were no significant differences. There were no significant differences between the two curves for arginine, or between those for half-cystine.
The curves for alanine, which were not significantly different, showed a steep rise to 3 0 4 0 min, similar to that seen with leucine, isoleucine and valine, but unlike the curves for these amino acids, those for alanine showed comparatively high values at 40-60 min, instead of a steep fall towards resting values. The curves for glutamic acid did not rise significantly above the resting value after either preparation. In the case of aspartic acid, there were low curves, not significantly different, after both preparations.
The curves for serine, glutamine, proline and glycine were characterized by very large discrepancies between the amino acid concentrations after the amino acid mixture and those after the enzymic hydrolysate. With serine, the curve following the enzymic hydrolysate was lower than that following the amino acid mixture at all points, and the differences were significant at 20 rnin (P<O.O2), 30 min (P<O.Ol) and 40 min (P<O*Ol). A similar situation obtained with the curves for glutamine, and in this case the curve after the enzymic hydrolysate was significantly lower at 20, 30 and 40 rnin (P<O.O5). With proline, the first six points following the enzymic hydrolysate were lower than those following the amino acid mixture and at 30 min the P value for the difference was <0.1 <0.05, but none of the differences was statistically significant at a conventional level (P < 0.05) at any one point.
For glycine, the curve after the enzymic hydrolysate did not rise until 40 min, and then rose only slightly whereas the curve after the amino acid mixture was elevated between 15 and 60 min. Standard errors were very large, and there was no significant difference between the curves at any point except at 30 rnin (P< 0.05), nor in the areas under the curves. An interesting feature with glycine was the particularly wide range of resting values (240-1280 pmol/l), for which we cannot account.
As in the earlier investigation of peripheral plasma in man (Marrs et a/., 1975) , there was a significant correlation between the areas under the curves for plasma concentration of each amino acid and the amounts of each amino acid in the preparation infused. For the amino acid mixture, r = 0-86, P<O.OOl;
for the enzymic hydrolysate, r = 0.80, P < OW1, In working out these correlations, the sum of values for glutamic acid, aspartic acid and alanine was treated as a single amino acid (see the Discussion).
Discussion
The results are not easy to explain, and the difficulties of interpretation are increased by the very large variance of some of the observations. In attempting to interpret the discrepancies between the curves after the amino acid mixture, and the corresponding curves after the enzymic hydrolysate, various possibilities must be considered.
The first possibility is that the discrepancies are due to a systematic difference in the rate of portal blood flow during the absorption of the amino acid mixture and during that of the enzymic hydrolysate. This is unlikely. Any appreciable difference would have been apparent during sample collection, which was timed. Apart from this, if the lower curves after the enzymic hydrolysate were due to more rapid blood flow during absorption of this preparation, it is likely that curves for all amino acids would have been depressed in the same proportion, which they were not.
The second possibility is that the discrepancies are the result of differences in absorption rate, the lower curves after the enzymic hydrolysate resulting from less rapid absorption of amino acids from this preparation than from the amino acid mixture. Under the present experimental conditions, transit rate was uncontrolled, and if one preparation had a more rapid rate of transit down the small intestine than the other, this might account for differences in the rates of absorption of amino acids from the two solutions. There is, however, no reason for supposing that such a situation would lead to much greater differences in the absorption rates
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of some amino acids than in those of others. An important consideration suggesting that the discrepancies cannot be accounted for by differences in the rates of absorption of individual amino acids from the two solutions is the shapes of the curves. If absorption of a given amino acid from the amino acid mixture was more rapid than from the enzymic hydrolysate, the peak concentration after the amino acid mixture might be expected to be earlier than that after the enzymic hydrolysate. In fact, in many cases the shapes of corresponding curves are fairly similar, one appearing to follow the other at a lower level, with peak concentrations occurring at the same time.
A third and somewhat more likely possibility is that the discrepancies are the result of differing rates of plasma clearance of amino acids following the two preparations. If it is true that tissue utilization of amino acids is more effective during the absorption of a partial hydrolysate of a protein than that of an amino acid mixture, by reason of more rapid absorption of certain amino acids from the enzymic hydrolysate, then tissue uptake of all amino acids might be more rapid during the absorption of the enzymic hydrolysate. If the increases in rates of plasma clearance exceeded those in rates of absorption, this would result in lower plasma concentrations of amino acids. Against this is the lack of evidence for more rapid absorption of amino acids from the enzymic hydrolysate.
A fourth possibility, which was not envisaged at the outset of the work, must also be considered. When a single oligopeptide is added to a mixture of amino acids, it is usually readily detectable on the amino acid analyser. When, on the other hand, the mixture of amino acids and oligopeptides in the present enzymic hydrolysate is analysed, only amino acid peaks are detectable. When the work was begun, it was assumed, according to the conventional view, that hydrolysis of peptides would be virtually completed during the process of absorption and that entry into the blood would be almost entirely in the form of free amino acids. If in fact this did not happen, substantial quantities of peptides appearing intact in the portal plasma, the peptides would escape detection and the concentrations of free amino acids appearing in the plasma would naturally be lower than expected. Some support is given to this suggestion by the observation that proline was one of the amino acids showing a markedly lower curve after the enzymic hydrolysate than after the amino acid mixture, for it is known that peptides containing proline do undergo transmural transport during absorption and enter the blood intact in several species (Matthews, 1975a, b) . Moreover, Boullin, Crampton, Heading & Pelling (1973) found that several dipeptides containing glycine, phenylalanine, histidine and B-alanine as well as proline appeared in the portal blood of rats when perfused through the small intestine at high concentrations, and since this work was begun Gardner (1975) has reported transmural transport of large amounts of many peptides during the absorption of a pancreatic hydrolysate of casein in the rat. We have not included analyses of portal plasma for peptides in the present report because the reliable estimation of changes in conjugated amino acids in portal plasma has presented unexpected technical difficulties. Preliminary experiments, however, suggest that there may be an increase in the conjugated glutamine, proline and glycine of the portal plasma during absorption of the enzymic hydrolysate.
One more point requires discussion. The absence of an increase in the glutamic acid of portal plasma after infusion of both preparations, and the small increases in aspartic acid, are not unexpected, since both these amino acids undergo extensive transamination in the intestinal mucosa, with the result that their absorption is represented largely by an increase in plasma alanine (Wiseman, 1974) . It is possible that the rather slow decline from peak concentrations of alanine is a reflection of relatively slow absorption of free and peptidebound glutamic acid and aspartic acid.
In conclusion, though we cannot yet explain the discrepancies in the curves for amino acids in portal plasma after the amino acid mixture and the enzymic hydrolysate, the hypothesis that they result from entry of intact peptides into the blood during absorption of the enzymic hydrolysate, possibly combined with more rapid tissue clearance of amino acids, will provide a basis for further investigation. 
